The synthesis, X-ray crystal structure, and photophysical properties of unsubstituted hexabenzo[a,c,fg,j,l,op]tetracene are described. Unlike the previously reported tert-butyl-substituted analogues, unsubstituted hexabenzo[a,c,fg,j,l,op]tetracene showed a helically twisted conformation in the solid state. Density functional theory calculations on the possible conformers were also studied.
Acenes, a class of polycyclic aromatic hydrocarbons (PAHs) consisting of linearly fused benzene rings, can be twisted by bulky substituents, benzannulation, or a combination of the two. 1 Owing to their nonplanar and chiral structures, helically twisted acenes (Figure 1 , a) have been paid attention by organic chemists. Because of the growing interest and importance of nonplanar PAHs in materials science, 2 efficient synthetic methods such as direct C-H arylation reaction of PAHs have been highly demanded. 3 Recently, we developed a K-region-selective annulative π-extension (APEX) reaction of PAHs as an effective way to grow the π-system of PAHs in a step-economical fashion. 4 We herein report the single-step synthesis of unsubstituted hexabenzo[a,c,fg,j,l,op]tetracene (1) from pyrene and dibenzosilole using our palladium-catalyzed APEX reaction. Helically twisted structure of 1 was revealed by X-ray crystallography. These results were somewhat surprising because previously reported X-ray structures of tert-butylsubstituted hexabenzo[a,c,fg,j,l,op]tetracenes 5 were not 'helical' but rather 'waggling' 6 conformations (Figure 1, b ). Adding to the synthesis and X-ray crystallography of 1, conformational analysis of 1 was also investigated by density functional theory (DFT) calculations.
Unsubstituted hexabenzo[a,c,fg,j,l,op]tetracene (1) was synthesized by a palladium-catalyzed double C-H/C-Si coupling, a so-called APEX reaction. A mixture of pyrene (1 equiv) and 5,5-dimethyldibenzo[b,d]silole (3 equiv) in 1,2dichloroethane was heated under reflux conditions for 2.5 hours in the presence of Pd(MeCN) 4 (BF 4 ) 2 (5 mol%) and ochloranil (4 equiv) to afford 1 in 58% yield (Scheme 1). 7 The product was identified by NMR spectroscopy ( 1 H and 13 C) and high-resolution mass spectrometry. In spite of the unsubstituted PAH structure, 1 showed sufficient solubility for purification and analysis (8.9 mg/mL in 1,1,2,2-tetrachloroethane), which may be due to the nonplanar struc- 
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ture. High thermostability of 1 was also observed when the crystal of 1 was heated over 300 °C.
The structure of 1 was confirmed by X-ray crystallography. 8 Suitable single crystal of 1 was obtained from tetrahydrofuran/pentane solution. Unlike previously reported waggling conformations of tert-butyl-substituted hexabenzo[a,c,fg,j,l,op]tetracene derivatives, 5 1 adopts a helically twisted conformation as shown in Figure 2 (a). The end-toend twisted angle of the tetracene moiety of 1 is 80.5°, which is higher than those of previously reported unsubstituted benzannulated acenes. 9 The highly twisted structure of 1 was realized by the combination of four [4] helicene substructures. The packing mode of 1 in the crystal is shown in Figure 2 (b). Similar to dibenzo[g,p]chrysene, 10 one-dimensional π-π stacking of the nonplanar π-systems was found.
The conformation of 1 was studied by DFT calculations with the B3LYP/6-31G(d) level of theory. Seven isomers including two pairs of enantiomers of 1 could be generated by the combination of the chirality of each [4] helicene moiety (P or M) as shown in Figure 3 . The twisted form 1a observed by X-ray crystallography was the most stable conformation among the five ground states 1a-e. The Gibbs free energy of the waggling conformation 1b is 0.6 kcal mol -1 , which is higher than that of 1a. The conformation of 1d, which was observed in a chlorinated hexabenzo[a,c,fg,j,l,op]tetracene derivative, 11 has 3.7 kcal mol -1 higher energy in the case of 1. The other conformer 1e was much unstable (17.4 kcal mol -1 ) relative to 1a. Then, the isomerization pathway from 1a to 1b was determined to gain insight into whether conformation 1a was a thermodynamic product or a kinetic product. From 1a to 1b, one intermediate 1c and two transition states (TSa-c and TSb-c, Figure 4 ) were found and the rate-determining step was determined to be TSb-c. Two additional transition states, TSc-d and TSc-e, were also found (see the Supporting Information for detail). Considering the energy value of TSb-c (10.6 kcal mol -1 ) relative to that of 1a, the isomerization between 1a to 1b can easily proceed under ambient temperature. It was also found that the isomerization barrier was almost the same (11.1 kcal mol -1 ) in the case of the di-tertbutyl derivative of 1 (1′). Thus, the helical and waggling conformations of 1 interconverted into the solution state, and the conformation in the crystalline state was controlled by the packing interaction: π-π interaction (1) or C-H-π interaction (1′). 5 The photophysical properties of 1 in the solution state were measured. Figure 5 shows absorption and fluorescence spectra of the diluted cyclohexane solution of 1. The absorption peaks were observed at 267, 310, 324, 375, and 394 nm, and the fluorescence spectrum had two peaks at 418 and 430 nm when a solution was excited at 325 nm. A bluish-green fluorescence of 1 with a moderate quantum yield (Φ F = 0.31) was observed.
In summary, we have investigated the synthesis, X-ray crystal structure, and photophysical properties of unsubsti- 
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tuted hexabenzo[a,c,fg,j,l,op]tetracene (1). The palladiumcatalyzed oxidized double C-H/C-Si coupling, an APEX reaction, smoothly supplied 1 in one step from commercially available materials. Unlike the previously reported derivatives of 1, the structure of 1 observed by X-ray crystallography was a helical conformation. The twist angle of the tetracene moiety of 1 (80.5°) was the highest among the tetracene moieties in unsubstituted benzannulated acenes. Further structural analysis by using DFT calculations indicated that helical (1a) and waggling conformations (1b) could be interconverted in the solution state.
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